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(54) [«WC!>«*] i»»ffl«WHX<D:fc*a)+-/^!yHXtf4^--/^yH(D4^-SffiWr^*ji 

(57) imm] 

;&5^,^<o^*(??^fffip^lB>t^-402Sr^i-$o 

5^^:/i5^t8IIB§rlia-r5fcfe(^;^^5'^^S50U 502. 
61U 612. 620-'622, 80U imt^^t^. ^h\C. 

OU 610. 623. 704. 803. 1201. 1302:dS#^E-f wtb 

^3t^T-<^J:5^^3feii503. 601. 610. 623. 704. 803. 

i20i«r*L. zthbomio^od^fK thir^lt. ^ 

1. 502. 611. 612. 620-622. 801. 1106(Di-C3&^tC 
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o:6»©jfffipriB'fc*-(4 0 2) 

a(50 1, 502, 6 1 1. 6 1 2, 6 20, 6 2 
1, 62 2, 801, 110 6)t, 

(5 03, 6 0 1, 6 1 0, 6 23, 704, 803, 

1 2 0 1, 1 3 0 2) i:, t:^i-^^-y<y 
T, 

fl(n2fla?q^S(5 0 3, 601, 61 0, 62 3, 70 
4, 803, 1201, 1 3 0 2)!JS, a®7;4-</l'fi| 
jt-ii>e>f^e.itfc^^flc^3t^^-X?fcS3tJl(5 0 3, 6 
0 1, 6 1 0, 6 2 3, 7 04, 80 3, 1 2 0 1 ) 

iJI23taS(5 0 3, 60 1, 6 1 0, 6 2 3, 704, 
8 0 3, 1 2 0 l)©>t'©/j>>5:< it lo^S, :^;i< t 

h 1 o<K>^- 1 sa-3tt hf\,iffm:^^ y^^m ( 5 0 

1, 502, 611, 612, 62 0, 621, 62 

2, 8 0 1, 1 1 0 6)Ol-<'3Sfi?icEe$H, 
fi(n23tJ!I(5 0 3, 6 0 1, 6 1 0, 6 2 3, 704, 

803, \ 20 DtK 'Pfi<t\>%\<r)ir;\^—-f(r)% 
Ubs »2<D^'/w-y©3t®tSr«J«L, 

;issvM::3i3il;:;IS*r^5ixS J; 5 l-S^StiTV^^. t Sr 
#« s/ K. 

|»*^2] «ria3tj!S(5 0 3, 6 0 1, 6 1 0, 6 

2 3, 7 0 4, 8 0 3, \ 2Q \)1)'i^mk%^^ir— 
K-c?*>5r t*#«t-f-5fS*3Sl K:|B«©=3f-/-?y 
K. 

[»*«3l ryi^hBB»StR(4 0 1, 5 0 4, 1 
10 5)Sr*U m^T.^ v^mkhK Wi27'!J:xhE 
«IS«(D^ffi±-CSVMw3£g5Lr^mtt^-«^'->-(5 0 

1, 502, 6 1 1, 6 1 2, 6 2 0, 6 2 1, 6 2 

2, 1 1 0 6)«r*-t-5i5t-fi£L, 

i^S«S(5 0 4, 1 1 05)■Sr«^i-5r^:Sr#mti- 
SB9*^ 2 {r|E«ro ^-^-^ y K, 

(70 l)i:»2(Oig(7 02)tS:^-r5e^^3:-:yt 

V><oA>©itji(7 0 4, 8 0 3)-CfcoT, gJJfeSSO'S- 
>fr>J5trlHe*i5^=-V(^g(n3»2©«g(7 0 2)i:S5«!$ 
tuT, SfrESgi9^*-:^roWIBIp2(04jS(7 0 2)!6SflfrE 
3tffl(7 0 4, 8 0 3)iro*aSiB!l'H'fvhi:tT«lffi 
1-5J:5^Cfig1-^^<o;5>©5tj|g^:, Sr*1-S::iSr^^ 



[8t*«5] «nBS«tf-=->'OSai2®2©«8(7 0 

2) i:^$ti53tJS(7 0 4, 8 0 3)i:ll»©BaTO 
mf-OiSll, 812, 813, 814, 815, 
816, 817, 818, 819, 911, 912, 9 
13, 914, 915, 916, 917, 918, 91 

S;it«rit#«t-r«fil*3S4{C|B«®dr-^N-s/ K. 
[»*^6] ttffifl9ig^ffil7-r:^AS, fl([|E3tag(8 0 

3) tC»-r5A*«E7'r>'(8 1 1, 8 12, 8 13, 
814, 815, 816, 817, 818, 819)-C 
fear iSr!|#»i:i-5»*55{;iia«o#-v^s' K. 

in^mi] fijiEeft^=-^'©wisig2o?is(7o 

2)i:gggg$ixSjt«|(8 0 3).i:i^Sc<D;^-r 5/^(1 0 0 

«1K^*X5J;5(^^U ffitlHfi8M«fJ«l7'l'>'(9 1 1, 
912, 913, 914, 915, 916, 917, 9 
18, 9 19)i)mB:^^y'^(.10 0 1)^<OUmmBE 

7^ v'-cfesc tsri^fiat-f 5Sii*«5cia«<Ddfw< 

11, 912, 913, 914, 915, 9 16, 91 

7, 9 18, 9i9)±<ommmmmis^-i-^mtsm(9 

0 l)«r*1-5rtSr#«t1-5»*:S5(;:ia«<0:*~ 

9 ] «wasij«siia( 9 0 1 ) *s, ^mc&^b 
tii>mm^^>h'i:mnm^um^'^>'(9 1 1, 91 

2, 9 13, 9 14, 9 15, 9 16; 9 17, 9 1 

8, 9 1 9)±(D«|«<t-^{::3E|fti-5fc«)©a:3fc?iJW«i 

itii*« 1 0 1 mmmmmnK jr • y * y 

K, 

IsB^Jfi 1 1 1 itlEMW^SiS, 1 iia<5tt e> 

1 2 1 &.T(oim-c. ur<omsmicmf^ 

«6«WSlt«3g(l 1 0 l)t, 

^*-^co^^■c, iooi^ig-r5#tt^}^Brig*3fStt 

K-A(l 1 0 3)-Sr*-t5 K-A1(1 10 2)T?&o 
T, gtrlEK-Ad 1 0 3)O»)g*lli)*Sfi(rlB»«6<J^«P 
«ii(l 1 0 l)(0;^'^iSl< K-AKi i o 2)t. 
m^^^ yf-^Wti)^. «rffiK-Afl(i 1 0 2)(r>ls^^ 
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mSfid 1 05)2:, 
(1 108) t. Sr^U 

iilB3taSA5WIS7'y :^ hBillS«( l l O S) t«rlE=^r- 
S(l 1 0 8)i<7)KlcBaS$tb5(l 1 1 0, 120 1) 

(B*3«13l «rl2K-A®(l 1 0 2)iBirlS7*yy 
hEit6S«(l l0 5)toM(c, #?L$ixfciffe»S(i 
1 0 7)<S:^U ffll2=^-®(l 1 0 8)©iSv^ffl!llC^|-ffi!l 
*/^-(l 1 0 9)Sr*f 6itSr#®ti-2)it*^l 2 

©1-CT»-EB^FHfc*«l|63ti5^-<:^-K(l 2 0 1)-C 

tsi*^i5l strET-pybBBilgSffidi 0 5)tfr 

E=¥-«(l 1 0 8)i:©BHc3t^(l 3 0 l)«r#1-5 
rt«r«p»i:1-5S»^JBl 2lc|S«0:¥-/N'.;/ Ko 

»3t*^-C&53taS (5 0 3, 6 0 1, 6 1 0, 6 2 
3, 7 0 4, 8 0 3, 1 20 1) Srti*-t-2>^X2'y 
t, 

fia?^$ix5MW^!):i:4r^tp:^7'y7*{l 4 0 5, 1 40 

6, 1410. 1411, 1414, 1415, 141 

7, 141 8)i:, i:m-r^:ibiitmt-r?>:^mo 

@^Sr^•tlq2«iKS*S^«^»1-■5:^7'•y7'(l 4 0 2)i:, 

ail 1 88a-:5tt 5 7'( 1 4 0 3 ) t , 

^S^S•t■fi8W^aI*Sr^t>;^7's'7'(l 4 0 4, 1 405, 
1 406)t, i:^i-!bZt^mkt-ti>m^^l6iC 

[it*3®18l iJ>ne< it lo©df-;J5, JicOjfffiO 

*L.v''4#;£<oe-K{c:A5;^xyy(i 4 0 7)t, 

-SrS*i1-5;^7^S'y( 1 4 0 8) t, 

s'T'Ci 4 0 9, 1 4 1 0, 1 4 1 Dt, -Sr^l-sri: 



412)i, 

> \'(Dm±i:'^^-^i>^'r 4 1 3) t, 

^1-S;^rs'y(l 4 1 4, 1415)fc, Sr^-fSr 
t Sr#Sti:-f-5fS*« 1 6 lc|2«(D;^fe 
IbI*«2 0] y-A-^-KtcAS^^T^s/^d 4 
1 2)t, 

rang ^5ixfcWJ¥2: H CUSJ^-CMM $*ifc=^r-?ri¥1- i 5 
li|(rl2^-1f-tc{E-rfc«>Jc, ltia3t^S^S^fflv^■C, WIS 

mm-tif^^d 4 17, 14 1 8)S:fe^1-5;^7'5'7" 
(I4i6)i, Sr*-r5rt*«f»i1-5fS*«i 6J;: 

[000 1] 

^ISem^-zN's' K*fcH:*-sK- K<0iB-*<0df-*fc 
[0 0 0 2] 

amM, y<-M.Vyy- ^i'fa-^, fiAIHtffi«§i 
OJ; tcmejttS, H 1 {a)tt, 

$iifci8aft^w»@r-fo5o 7'y hSiHStR i o i o± 
sit, i!)"*< t i>2^(omn&:^ hys'7'io2tio 

aiBttK-Ai 0 5*S3IStt;:^ h y s'T'l 0 2 1 1 0 3 
O-f CiJwiattSti-S J: 5 JJi, ^Stt K-A l o 5 ©E 

5o =3^-^ y n 0 6 tinmma^h^'o. ^mm\t k 

>-A<D±{w^< 5) A/ySl^jglf? (bulging protrusion) 1 0 
7Sr*i-5, =Sr— rj/ h©^Hm©^< b/umiEfP 
1 0 7iS^fiJ*/^-o?LSraoriD-f *»(c:55tttl5 J: 5 
{c, ^?L$nfc^^B*^<-10 8d5m3$©«jtffl«^gB 

[0 0 0 3] =¥-^y M 0 614, ij^^SM y = =^ A 

ix, v><oA»05^[SII$?$ixfc«3fe^-Y:t-K(SM- 
LED) 1 0 9SrfiS#tlli UTffiffl-Ct 5<t 5tC/j:oT 
V^5o SM-LED 1 0 9Hc=V^^ h Kl 1 0 

iri 1 l^cy^vy^^^t$^^, )a^a:Te)ixfc«^©>t' 

f, SM-LED(DSdWW±*lRl*5^r— H 0 60 
3is/i?SrjioT#-^s' h 1 0 6C0*{*:<D«t>'>«A'5i5 
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±yf-lii-to ^< e>A/mfiSSl 0 7 0±Btt, ^SW* 
B-C-SPS:«o-C 1 oo^X'^tlttt 1 ^Ji^yoX^O 

Ti>j:v\ mi (h)im^AxhiMtm^-(^mcmm 

[0004] 0 1 ( c ) ttMe^©««<O^*i6/iIalgS0'&* 
fi^Mffit LT^VbnSSM-LEDl 0 9f4t?!Hc:ife 

j/lM 2 0H:SM-LED5=-a:->'©^SfflBJgSl!i:E« 
MV c c t<om^^Mn:^^ 2 1 Sr=t1-5, 

Sr«l^-f 12 2 t^i-S, 0 1 ( c ) icll^o^n 
y^' 1 2 2ttAS«H-f4> S»+-^^3' KtlWy'^^-r;^ 

-f s'^ 1 2 1 SrgB C5tU;^7/^>'w;^*ie*i-5 i 

[0005] iai<D(a), (b). (c)OM?g(0fl!figtt'^- 
-/■?5, K^{|c©|^^flgW*'5IffiJc:-f 5o SM-LED 1 

*JV''T't>, ^-vy h 1 0 6 0*ft:rtt?03t©e»«rft!l 

-r^^'oyn-fes/f-l 2 0<J)i6JS/jiI/O(A;^/W 
;t/)lf>'«:Srii:^-^r4:»C'|>«*). r*x«:S4U^ 
l§S«lSj-ett/iV>o Ell ©(a), (b). (c)Ofl}^<75$ 
b'Sa^Cy^t LTs SM-LED 1 0 9>6SSa:;&(pUCfc 
5— ^®;^'<— ;^(ft<eo. 6 mm03^— ^— -C) SriJJS 

[0 0 0 6] 

[BMAS^ifStUJ: 5 tl-SfflWa] ^-^<y K*ft:(4*- 
[0 0 0 7] 

[lii]SSr«*1-Sfc«><0#®] *|§?g©g6«j«:, ^^-S 

L E D © J: 5 jsae yit^ /wwjgd^ e>f^ bixfcjt 



EU<Kff*ixTV'>5ti^, SM-LEDOj;5'5t(l&0 
[00 08] *5iegtt«^fflS^7'/<-1'X©fc«)<Ddf- 

[0 0 0 9] $5>lc*:^(raH::^w^y K©+-^SrfiaW-r 
[00 10] OLEDt Lrt^i8lO#ttlLEDtt. * 

fz.^^ir-Y(r>'^\^-t^i.b\^. lo£jl±rooLED 
*^MOS52 0?fB«tC±tl«, CtvbWOLEDH:, fife 
OloiS. OLEDfflOS««iL.Ti«lffi1-5J:5 

■f"^OLEDSra*jitf^iif»c:ioT=S!^w?5, K«^SO 
■?-©<i©SBi^--0 L E D S:® ^t»t S^lfeiSfcS, 
[0 0 1 1] *:MW©i^3©ji«^CJ;i^^^, OFETi 

vf-M=i-}i-m\c^ *-/nV KfiSWffli Lrffiv>P, 
O L E D*>5v>(4l^«|OJft3>#:3tMW: 1 ^i'/w-T'Jj: 

/^-7'^b$^^fc3fc^S)©tfo^J?*< it ioo<@*:co>^ 

[0 0 12] *^l^©^4 0ffifi|{cj;ix«. Jlc^Micj; 
|ififf-C«^$H5SSrMWffi3fcait LTWOLEDWflJ 



[0 0 1 3] :^^m(owmi:^-n>(ot^x.hii?>^m 

[0 0 14] 

(ii^o SM*fcH:¥S?^WS«2 0 1 (4S*Wl-t*E 

S/iSfc^, 2 0 2mt b-c»s*«-ifsffc u-c-r 

i;i>ASgKft#)( I TO)/iif*Sfo5„ Sfi2 0 1 ^C[^V^ 
-g■orv^«V^^S 2 0 2 ®^®f±^!J -r-Sig-a-S 2 

ttfSttli urt^btiTvs. jK';^-??ite-g-«2o 

314v jKU 7rc=-/H:i'=-UV(poly phenylene vinylen 
e)(PPV)/j:if*»P>f^P>n, ^ffiS20 2t. T/W$ = 

f^61x5l&SS2 0 4fc©Ki;i}f^i2s4n5o SSE®* 

[0 0 15] ^ffiS2 0 2^^^2 0 4<t9iiSV^m{si: 

2 ©O L E DdS^mfEt 
Six OLEDtc:)il£iti^(0.'WT;^i5i»!j^5, fSl^mt 

^•rS. ^ffie2 0 2 t^lS2 0 1 irW'I'SriioTiin 



[0016] 0 3 14. spSilCxsKe^s' h (deposit) S 

E T©^®«itS:^-r. WSm 3 0 1 tiiffijii^!; 3 V 
ii>b#?>n. FET(Dy-hSr«^1-5, -{^-MOlo 
w¥ffi±l-»v^tei&S 3 0 2 isfc •) . r ©Srofillgtt, 

FETO^^;^i/W*«^-r5^¥itfl!:g3 0 3-Cfe5 

;^/i'g3 0 3<o±lr, i:mj:it&gi$*i,fc2o<D^«tt« 
FETiOKU— V3 0 4 ty-:^ 3 0 5)AS# 

[0 0 17] ia4tt;ei»/ji:»)}4lfe6<J*U'<;l'r**W©ll 

0 2«JfE(cBiSUT^— f-lci5«l«WffflE;^tc*f 

Ki:3^#«ig4 0 l:a5i9:lte.i^■CV^5i2il^$i^rv^So 

%nw/k4: 0 1 tt. dr-/<5, raffii©m^7'^^-<;^rt{c 

ji4 0 1 Xi^f-hX^^^Wii-ftW #^-4 0 2 
fi|5g4 0 1 trorat-. =¥-tBiji-3lt?5ixfc;^'f s/^> 
^'«l^i5||^$Jt5;^'<-;^ 4 0 3 As#ffi-r5, 
;^4 0 3|ctt, |f!l;thf, Sv-'Jcffi^LTVS^Stt:^ h 
^iv:f<nr^-yzr^}h. |gi©{a), (b)(c^-f-±5 

nrtiv^ Jlc^MJcit). ;^-:-:^4 0 3fi^r-$ffl 

r©OLED<D^^JlB^cS<5^,^t:^^«„ 

[0 0 18] OLEDWJg^^, *3j:tF, =¥-«iiS©-€:0 
flfe©fl|^|IBfDfC*H-5 OLE DOE«*5* L < SfSl-rS 

A (0 5 til 140^ $ tL-CV ^)5C V ^) ic i o -CSV ts 
S^mtt^ h V y^5 0 1 t 5 0 2;6S>p*fcE«^cH, 
lil^RJgOOLED^^ 5 0 3*5, -fVl^hSmm^iS 
0 4 roSE±-C^mi4;^ hys'7'501t502S:^9 

ll-C(4, |^^5 0 5, ffl^S 0 6, %SB5 0 7jo 

iO^SSSS 0 814, ri^P)©Sro^^ZJ®3o©«ro^B 
lfPcDS*^lt:^clf5-e(4, OLEDClioT, yyi^hiBilSl 
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ib. S«5 0 4lc^L"C^^5 1 0:dSfc»?. 
5 1 0<^±lcSttS5 1 i:±@t 

[00 19] me<D{a). (b). (c)(±. hy 
y -/(OiSimi^ o L E D ^SBB-f 5 1' ^ < ^ii>(Dm<o:^&i 

^mtt^ by 5^>^5 0 1^5 0 2t\m5<Dm^t 

5 0 1^5 0 2(o-^<Dmi^mzmm^iix\^^^o 

(DZtVh^t^, Hie (a)-e@^CDOLEDOi5*V^ 

< od*(oo L ED sr^atty^. h y y r^^coM^i-sflaicffia 

OLED^^^t?^J^yh^lJ^^JiJaS^Sr^T<:>rOLED<D 

Ji-So ia6(b)H. OLED6 lOib^tp^lCh^. 
tt;^ hy ^^T'e 11^61 2^d5^<D^!PT?[^.iL^nSr^ 

:::<Dm<om^\t^m\cfj:^o 06(c)(i, v>t)v^)-5#y 
K-A(polydoiDe)^r- h y 5^:/(0«fa^S^ 

««tt^hy 5^^6 2 0 S2o««tt;^hy yT'e 
2 1 ^m<Dmmm:^ h y y 2 2 i:ds#4'f-$o 

r oa^O L ED 6 2 3 K-AM«M(C|fI5^&?)tCffiS 
$tt5o ^^*OLEDS:ffll^r«j3tcO-ie(^flfc<^SP^(C 
^rixSrli 9 ^it ^ O L E D S:^:Ote<7)Si55)^t;:-{*c>fk 
LT. 0LEDS(^*O/>/£< tt> lo;d5^<^^5gSr^ 



®#-^EP 9 9.6 60 1 8 3. 7(C, «-^-SEd5, S 

[0 02 11 K«^coy y > 

tL^S^Si^ti:, figi;^ h y y^cof^ 1 offl? 0 1 
ffi^;^hy ^;/7^O®2(D«S7 0 2i:. *S<0««tt«ffi 

So rgft(resistive)j 2oO^^^ 

[0 0 2 2] (a7'CtlOLED7 0 4«:#^— SEfilcH 
g^UTSaS^tbTV^Sc 3t4rSclt't-^tOLED--cDS 

Tv^*v^:a^ wffiT^y ^-hffiissss^fcft^^i/y :/h 
m<omtf<omm^xh^o 

[0 0 2 3] ms }itmm^-^<y i -oo^m^j: 

3V;6SlgSiS&8 0 2tLT^^?nrv>So r<?50"Ctlif 
2(0«7 0 2nx:i-iJ/Vt£izmm&itmU$tl^i:iS^^ 
Lrv^So 08 "Cn^-OLEDH^Jt^-f:^-- KB 0 3 

mx\±. ^oLEDof^i^tmm^^m^om^mSi^ 

^ys 11-81 9;d5^u iyzf(Dm2(r> 

aossK 7 0 2 ?r;n^Lri--<r(oi^ti:^a«ffi tgi^ 

(0 0 2 4] mS(DmMM<DXj^tLX. OLED<^;^ 

o^mm^fibti^o (2911, ia8(?5[Higssi^ojiSDt 
LT. ii:tfe^js^9oisr^rL. i/yr 
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<0?.tl^^ti. »*&1tESr7'r:^9 11-91 9Sr:frL 
TS«?$tLfcO L E D(C«iJ&i-5 r t J: 9 

[0 0 2 5] E9 05|lltt^©ra)l;Si;i:LT, OLEDI:: 

^*S*lfP>n5, 01OW:. «-OLED8 0 3d5SlfStl 
* h 7 ^'i?;^ ^ <0 i 5 'i¥3l«s:;^'r y -f-Sl^ 1 0 0 1 Sr 

^SEE«ffiM■cafe?!ll!:^ie^$i^fc*)5-!£Sc(la 1 0 -? 
tt9jB)olS3t«^»^s#^^•t-^. sio-ett, zith 

mtuikji^ims o i i)i^Atiu-^mz&\,^iimii 

^«i$9 0 1 (OUtil^kmi^tii. 

[0 0 2 6] 4^%m\t. ^mw^^-i s'f^is^-<^s*^sria 

1 0(D«)*{cK;t-t-5fcO-e«:*V>*S, OFETOffi^ 

r t Sr«W{c:j!6'<fc, ;i $ <^«:/Wlifc i o r df~/N* 
iStL-COOLED©5pJffldS^*J::»afw'iS. ^bK, 

to 0 2 71 h'm^(.m^m^ism^ttt)^<o 

(?D3J;?iJA;^»7'l':^t, -ry f v^'lalKd^bffl* 9*© 

tJ:v\ 4*<oa6?i|A:^7'r:^€:ffiVTl 63|5:<OS''i5 
l?g3vyKS:tti-t-rt*5pri6-C*>2.o T^f^^^lc^ 
i^5 o L E D (0-t-'<TOBrie*e*«s r. tilc: i o t J^bS 



10 0 2 8] rix*-e. OLEDdSitTBTIBJfcf^iao 

F E T)dJ7'y naijis«o*ffi±ic»s-r 5 c t AS 

^fl|$^tfc1^»)«^5^^i•^^^i:*±■&«^^5o-c. OLE 

D (*}itfOFET)SOS!jg<DSjglS'^<^iK-&{W5 

T? t , K- A* fctt K-ix • i/- h ©K^fl!l'^3t<D€« 

[0 0 2 9] K-Al<OT<-EB-f •Sftto'JK K-AS 
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1. Title of Invention 

A keypad for a portable electronic device and a method 
for illujainating the keys of a keypad 

2. Detailed Description of Invention 

The mvention concerns generBlly the technology of iUuminating the keys of a 
keypad or keyboard. EspedaUy the invention coacenu Hie technobgy of 
dynamically iUuininating individual keys or key groups of a k^ad or keyboard. 

lUununated keypads appear typically in ponable eleccronic apparanscB sucb as 
mobile telephoaes, palmtop computen and personal digital assistants. Fig. la is a 
partial cutont exploded view which illustrates a known structure for ilhuninating a 
keypad. The tapper surface of a printed circuit board 101 comprises a nuiribef of 
contact areas where at least two conductive strips 102 and 103 come close to eadb 
other. Supported over the printed circuit board lOl and separated ftom it by a 
perforated insuladon layer 104 Is an array of* conductive domes 10^ $o that each 
conductive dome 105 lies direcdy above the conductive scrips 102 and 103. A key 
mac 106 is located on top of the conductive domes* It is ^narip of an clastic material 
and has a bulging protrusion 107 on top of each conductive dome A perforated 
outer cover 108 comes on top the aforemeniioned structural components so that 
each bulging proorusicin 107 of tiie ksymsx protrudes siightly out through the holes 
in the outer cover. 

The key mat 106 is made of translucent silicon rubber or some other suitable 
material that conducts ligjii reasonably wdl so Aat a number of surface-mounted 
Ught emitting diodes (SM-LEDs) 109 can be used for illuminating. The SM-LEDs 
109 aie soldered to contact pads 1 10 and 1 1 1 so that in die assembled configuration 
d^eir principal direction of emission is through an edge of the key mat 106 into die 
substance thereof. Light escaping through the upper surfaces of the bulging 
protrusions 1 07 provides the visual illuminacing effect seen by the uter. The upper 
surfaces of die bulging prouusions 107 may be partly covered with an opaque laycar 
so that light can only escape through an opening which may have the oudine of a 
character or a group of characters. Fig. lb shows the same structure in assembled 
configuradon. ' i 

Fig. Ic shows a simple circuit diagram of the illumination arrangement; the keypad 
functionality is not shown in Eg. Ic. The SM-LEDs 109 used for iUuminadon 
constitute a serially coupled chain, the cathode side end of which is coupled to 
ground poicniial, Tbe anode side end of the chain is coupled to a microprocessor 
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120 which comprises a controllable switch 121 isetwecn the anode side end cf the 
SM-LED chain and a poiidve supply voltage Vcc. Thb fflicmprocesfior 120 
comprises also means 122 for detecting the need for illummadoa of the keypad. The 
block 122 shown in Hg. Ic is typically a software process which is arranged to 
moniior the functional state of the keypad-controlled device in question and to 
geneiHte an output pulse ihat closes the switch 121 whenever the functional state 
suggests chat iUuminatlon of the keypad would be advantageous. 

The illuminating arrangement of Figs, la, lb and Ic only enables ihe illutnlnatlon of 
the whole keypad at a time. It would naturally be possible to group the SM-LEDs 
109 into two or more subchains which could be coupled to a posidvc voltage 
independently of each other. However, even in such a further developed 
arrangem^t it is dif Ociilt to control the propagation of light in the substance of the 
key mat 106 so that only a part of ttie keypad would appear to be illuminated, 
Increasiz^ the numbcj of subchains would also directly increase the required I/O 
(input/ouq?ut) pin count of the micraproccssor 120, which is not a preferable-trend 
In development. A further drawback of the anangement of Figs. la» lb and Ic is that 
Che SM-LEDs 109 take a certdn space On the order of 0.6 mm at nrinimnm^ in die 
vertical direction so that the ilhmiinated keypad arrangement bocomeA rather duckr 

It is an object of the present invention to provide a keypad ilhrniinadng airangement 
which can be used to dynamically illuminate key groups and/or individu^keys in a 
keypad or keyboardl Ic an additional object of the invention to provide a thin 
illuminated keypad ammgemcnt. It is a further object of Che invendon to provide a 
keypad illuminating arrangement Widch can be reconfigured for different kind of 
illumination effects with minimal effort. 

The objects of the invention are achieved by using fight sources made of layered foil 
slructurea, such as polymer based organic LEDs, for iUuminadng kisys or key 
groups. Certain objects of the invention may even be achieved though other light 
sources, such a$ SM-LEDs. are used if the mechanical structure and/or contit^ 
eieccronics of the keypad arc correctly designed! 

The invenrion concerns a keypad for a portable elccfomc device. The characteristic 
feaiures of a keypad according to the invention are those recited ia the independent 
claim directed to a keypad. 
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AdditioiLally the invention concerns a method for illumin&ting the keys of a keypad. 
The characteristic feacuies of a method according to the inventioii are thoae veciEed 
In the independent claim directed to a n^od. 

Organic LEDs, also known as OT.RDa, axe light-eodtting semiconductor devices that 
consist of a siacfc of very thin material layers, A single OLED scmccuie consists of a 
transparent substrate, an anode electrode layer, a polymeric recombination layer and 
a cathode electrode layer on rop of each other. According to the first aspect of fee 
invendon, one or more OLEDs arc associated with individua] keys or key groups so 
that thty take on the role of the known surface-mounted diodoG in iilominadag the 
]ceypad. According to the second aspect of the invendon the OL£Ds are integrated 
into the keypad strucmre so diat one of the layers diat would exist in the keypad 
structure also for other reasons also acts as the substrate layer for the OLEDs. An 
akemadve solution is to manufacture complete OLEDs and to attach them to the 
other parts of the keypad arrangement for exazi^e by glueing or soldering them to a 
surface or embedding them iato an injectioa moulded plecs of material. 

AccordiiLg to a third aspect of the invention an OLED or comparable semiconductor 
light source used for keypad illuminadon is grouped together with a solid-state 
5wiidiiag eianeai such as an organic field-effect transistor, also known as OFET. 
The advantage gained through such grouping corae* from Lhe fact that a 5tn§le pair 
of supply voltage lines can be used for a number of Sghi sources, and still at least 
one of the light sources (the one grouped togedier with a switching element) can be 
individually swiichcd on or off by using a simple, low-power control signal. A 
converter unic is typically required for converting the illumination controlling 
commands issued by a microprocessor into switching signab for the individual light 
source - switching element pairs. 

According to the fourth aspect of the invention an illuninaced keypad consists of 
layers so that a dome layer or dome sheet layer is not on top of the layer comprising 
the contact points but under it. Combining such on order of layers to the uae of 
OLEDs as li^t sources for illuminaaon results in a solution where the light sources 
may be located very close to the visible surface of the Uluminated keys, The 
advantage gamed therethrough comes from the fact thai when the emitted light has 
only a very short passage to travel within a transparent or tranjlucent substance 
before being emitted into air and towards the eyes of a user, only a fraction of* that 
dcctric power must be used for illumination which was used to drive die light 
aourccj in conventional solutions, without compromising the observable intensity of 
light. A naturally occuniiig altcmaiive viewpoint is that with the same amount of 
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electric power used for illumination as ia conventional solutions a far brighter 
lighting effect can be obtained. 

The novel feanires which are considered as characteristic of the inventbn are set 

forth in particular in the appended daims. The invention itself^ however, bolh as to 

its constmction and its method of operation, together with additional objects and 

advantages thereof, will be best understood from the following description of 

specific embodimencs when read in connecdon widi tiie accompanying drawings* 
3. Brief DescriptioQ of Drawings 

Hg. 1 a illustrates a known keypad structure in exploded view, 

Bg. lb illustrates the keypad stmctuze of Rg. la in assembled con&guzation; 

Rg. Ic illustrates certain electric characteristics of die illumination arrangement 
of the stniccure of Figs, la and lb. 

Fig. 2 illustiaces a simple layered structure of an OLHD. 

Rg, 3 illustrates a simple layered scrocture of an OKET, 

Ftg. 4* illustrates the principle of placing both the switching furKrtion and dlie 
illumination next to each key, 

Hg. 5 illusDrates an embodiment of the invention where an OLED surrounds die 
conducdve strips used for switching* 

6b and 6c illustrate some alternative locadons of a key-specific GLED, 

illustrates a printed circiui board for a resistive keypad with key-specific 
illuminauon, 

illustrates a simple cimuit diagram for an illuminated keypad, 

illustrates a variation of the circuit diagram of Kg, 8, 

illustrates a further variation of the circuit diagram of fig, 8, 

illufiuates an aliemative strucmral principle for a layered keypad, 

illustrates the appUcalion of the principle of Fig. 11 to OLED 
illumination. 



Figs. 6a. 
Fig. 7 



Fig. 8 
Fig. 9 
Fig. 10 
Fig. 11 
Fig/12 
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Fig. 13 illustrates Ae 85>plicadon of the principle of Fig. 11 to SJVt-LED 
illununation, and 

Fig. 14 illustrates a inejhod according to an embodixnoit of the invention. 

To provide some adfitional background to the present invention, a known sinq)le 
OLED smicture is shown in Kg. 2. A transpateni or tnnslnceat substnn 201 is 
essentially platy in fonn and has two parallel planar surfaces. The iroin function of 
the substrate layer 201 is to act as a mechanical jupport itmcture and to allow light 
to pass therethrough. One suitoble. exemplaiy substrate material Is borosilicate 
^ass. A transparent or iranshiccot anode layer 202 is located on one of said planar 
surfaces. la addition to being mnspareni or translucent to light, the anode layer 202 
mnst be condnctive to a certain extent and have a relatively hi^ wodc function. A 
suitable material for ihc anode layer 202 is for exan^le indinm tin oxide (ITO). That 
suifflce of the anode layer 202 which U noc against the substrate 201 is essentially 
covered by a polymeiic recombination layer 203 wlneh is also kaown as Ae acdvo 
layer. It is made of e.g. poly phenylene vinylene (PPV) and is sandwiched between 
the anode layer 202 and a cathode layer 204 which is made of a conductive material 
having a relatively low work function, such as ahiminium. Tbs OLED structure may 
comprise additional layers such as protective coalings over the whole stack of 
anode, active and cathode layers in order vo isolate it from the harmful effects of the 
environment. 

When the OLED. of Fig. 2 is coupled to a supply voltage so that the anode layer 202 
is coupled to a higher potential than Ihc cathode layer 204, it is biased in the forward 
direction. The difference in wok funcdons between the anode and cartwde layers 
causes holes to be injected from the anode layer iniD the active layer and efecirons to 
be injected from the cathode layer into the active layer. The movement of charsed 
particles through the active layer means that an electric current flows therethrough. 
Recombination of holes with electrons within the active layer causes quanta of 
elccffomagnetic radiation to be emitted. When the selection of work functions has 
been made properly, the emitted quanta have a wavelength falling into the range of 
visible light. The Ugh: escaping dirough tiie anode layer 202 and the substrate 201 is 
visually observed. Discrete emissive patterns may be formed most simply by using a 
suck of continuous subsomte. anode and active layers and on top of them a number 
of discrete cathodes. More clafaoraie patterned structures may use a number of 
anodes and a number of cathodes so that for each anodenathodc pair, an emissive 
pxel or picture clement is fomied at the point where thay overlap. 
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Fig. 3 illustrates a known structure of aa organic FET which can ^ used^ a vezy 
thin solid-state switch deposited on a planar surface* The substrate layer 301 is made 
of degenerated silicon and constitutes the gate of the FET, On one planar suxface of 
the gate is a thin insuladng layer 302 the function of which is to electrically insulate 
the gaie from the next Layer, which is an organic semiconductor layer 303 chat 
constitutes the channel of die FET. On top of the channel layer 303 there axe two 
conductive elecuodes isolflEed from each other, namely die drain 304 and source 305 
of the FET. 

Fig. 4 illustrates, on a rather abstract level, a keypad illumination principle 
according to an embodiment of the Invention. We assume thai a cenain essendally 
cigid mechanical support structure 401 is provided for countcracdng doe incchamcal 
depressing force caused by a user in associatioii widi pressing a key 402. The 
support structure 401 may be for example a pnntBd circuit board located within a 
keypad-controlled electronic device and held in place by support brackets that 
constiwte a part of the device's overall mechanical stmccure. The suppon scnicoiie 
401 need not be planar. Between each key 402 and Ihe support structure 401 there is 
a space 403 wiihin which the switching function(3) associated with the key are 
realized. Space 403 may comprise, for example, the assembly of conductive strips 
close to each other and an elastcally deformable conductive dome above them as in 
Rgs. la and lb. According to the invention, space 403 comprises also an 
illumination anangemcnt specific to ihac key, which illumination arrangement is 
based on the use of an OLED as the light-emitting component 

The shape of the OLED and its location in relation to the other conqronents of the 
key structure may vary considerably. Fig, 5 illustrates schematically a solution 
where the conductive strips 501 and 502, which ihe conductive dome (not shown in 
Hg. 5) connccu to each other when the key is pressed, are placed In the middle, and 
a nearly circular OLED element 503 goes round them on the surface of a printed 
circuit board 504. In die upper allcmative enlarged portion of Fig. S a cjoss-scction 
of the OLED element is shown where the cathode layer 505, active layer 506, anode 
layer 507 and substrate layer 508 are visiWe widi die relative tfiicknessos of the finl 
tiiree of these greatly exaggerated. 2n the lower altetnative enlar^ portion of Rg. 5 
die OLED fonns an integrated strucmre with die printed circuit board so that Che 
board material 504 acts as the substrate. Because die board matcnal is not 
transparent and because the desired direction of emitted light is away from the 
circuit board (upwards), the layers of ihe OLED are here in a reverse order with 
respect to the substrate if compared to tijat described above: next to die substrate 
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504 is the cathode layer SIO, oa top of it the active layer 511 and as the topmost 
layer the anode layer 512 uidch is, as stated previously, transparent. The cathode 
layer 310 tnay even be made exacdy like other coodactive pads azKl trdc^ oa the 
printed circuit board, which farther Increases the degree of integration. If the 
conductive dome is at least partly transparent or translucent to light, its diameter can 
be selected freely in Ac strucnire of Fig. 5. However, if the conductivB dome is 
completely opaque, its dianoeter oaust be snulLcr than at ieaac the outer diaroeter of 
the OLED element, and most preferably also smaller ftan the inner {fiameter of the 
OLED element, so chat the emitted light may pass around the edges of the 
conductive dome. 

Hgs. 6a, 6b and 6c illustnue schemadcally some ocher ways of placing the OLED in 
the vicinity of the conducdvc scrips which together widi the conductive dome 
constitute the swltctung parts of a key. In Fig. 6a the conductive strips 501 and 502 
are siznilar as in Hg. 5. but the OLED 601 is only located on one side of ^^^"^ It 
would naturally be possible to place several OLEDs like ti» one shown in Hg.- 6a on 
different sides of the conductivis strips and to connect the OLEI>s in series or in 
parallel so that they all provide iUominadon simultaneously. Fig. 6b shows an 
arrangeanent where the OUED 610 is in the middle axsd the conductive snips 611 
and 612 constitute concentric circles around it This kind of an arrangement is 
naturally only possible if the conductive dome (not siiown in Hg. 6b) is transparent 
or translucent or if there is a hole througjx the conductive dome for the emitted light 
10 shine chrough. Hg, 6c illustrates an exemplary arrangement of conductive strips 
for a ao-callcd polydome key where there are more then one conductive dome (not 
shown in Fig. 6c) under a single key so that the switching ftinction dq>ends on the 
part or portion of the key which is pressed. More specifically there is a fiist 
conductive strip 620» a second conductive strip 621 and a common conductive strip 
622, The OLJED 623 is here placed pactly between die dome areas. The above- 
mentioned possibilities of either taking a complete OLED and pna^^ir^g it to the 
other parts of the strucnire, or integrating die OLED into the other parts so that at 
least one of the OLED layers is the same as or similar to die other scructural layers, 
apply regardless of die position, size and shape of the OLED. 

Fig. 7 ilJustraies the applicaWIicy of die invention in association widt the concepi of 
a resistive keypad. From ihe applicant's previous patent application number 
EP 996601 83.7. which is incorporated herein by reference, there is known a 
funcdonal principle for implementing a keypad so tiiai each key location 
corresponds to a contact point between an essentially linear resistive element and a 
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conduccivo element. Especially each key location corresponds to si ceztain 
unequivocal pair of distances measured from the ends of the resistive element to the 
contact point. The input informanon representiDg Che pres&ing of a key is genera^d 
by measuring Che volta^ between each end of the resistivie element and the contact 
point and mapping either cheir absolute values or their ratio into a piece of input 
informatioa in a lookup tabic. An advantage of the resistive keypad principle is the 
small number of ccnnectLons required between the keypad and the associated 
processing eleccronics, 

A top view of the printed circuit board of a resistive keypad arrangement is shown 
in Fig. 7. The electtlcal connections that are required for the switching functions 
consist of a first end 701 of the resistive snip, a second end 702 of the resistivo Jtr^ 
and a contact point 703 to a commoa conductive electrode. In order id keep the 
switching function as reliable as possible, the key locations consist of ccmductive 
strip portions in Fig. 7 and the actual TBsisdvc material is distributed as relatively 
short sections between the key locations. Cross-hatching illustrates graphically the 
resistive portions. With "resistive" we mean that the resistivity of the material is 
high enough to produce meaningful differences between voltage readings if two 
adjacent keys are pressed. 

The OLEDs 704 are located next to each key location in Kg. 7. The conductive 
connections that axe used to provide a voltage to those OLEDs which should be 
emtcdng light arc not shown in Fig» 7, but it is within the capability of a person 
skilled in the aiT to provide such connections by using, for cxait^le, a double sided 
or multilayer printed circuit board. 

Fig, 8 is one possible circuit diagram for an illuminated keypad strucnue die layout 
of which follows ttie model of Fig, 7. Each key location is represented in Fig. 8 as a 
switch 801, and the distributed resistive sections between key locations thai togedier 
constimie a resistive path from the first end 70I to the second end 702 appear as 
resistors 802. Here we assume that die second end 702 is coupled to the local 
ground potential Each OLED appears in Fig. S as a Ught-emitting diode 803, Note 
that the physicel locations of die gr^ical symbols in a circuit diagram need not 
correspond to die actual relative physical locations of the corresponding 
components. In the simple embodiment of Fig. 8 there is a separate supply voltage 
line 811 10 S19 to the anode of each OLED, and aU caihodes are coupled to ground 
dirough the second end connection 702 of the resistive strip. 
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The disadvantage of the embodiment of Rg. 8 is the large number of connections 
needed to separately switch on or off the OLEDfi. Rg. 9 comprises, as an addition to 
the circuit diagram of Fig. 8» a seiial to parallel converter 901 which takes input 
signals over a serial line 902 and convetts thexn to certain preprogrammed 
illumination patterns which are implemented by providing supply volts^es to 
selected OLEDs through lines 911 to 919. The serial to parallel convcrta 901 b in 
its simplest embodiment a linear shift twister into which a sequence of bits is 
serially written and from which at least a part of the bits of the sequence may be 
simultaneously read in a paiallel &shion. It may also com|Hise e*g. programmsible 
logic. 

Even the embodiment of Hg. 9 comprises the disadvantagB thai a relatively high 
current must be taken from each parallel oinpai of the serial to parallel c ou vu Uj 
901 in order to make the OLEDs emit enough light. Fig. 10 illuatrates an 
arrangement where each OL£D 803 b accompanied by a sezniconduccor switching 
component 1001, such as a field-effect transistor. Each serially ooispled QLED- 
transistor pair constitutes a controllable Ught-emioing entity of which there are a 
certain number (nine In Fig. 10) coupled in parallel between a pair of supply voltage 
electrodes. In Fig. 10 these supply voltage ^ectrodes are the same as the first 701 
and second 702 ends of the icaistive strip, The gate electrode of the FET consdcntes 
the control input of the controllable light-emitdng entity. The control inputs are 
coupled to the outputs of the serial to parallel converter 901 so that the practical 
operation of the circuit is the same as of thai illustrated in Fig. 9. with the exception 
that now the serial to parallel converter 901 needs to supply only a very low current 
to each inpuL 

The inventioa does not limit the sclccdon of semiconductor switching components 
in the anangemeni of Fig. 10, but specific advantages can be gained through die use 
of OFETs, Previously we have noted that the thickness of the keypad ariBngemeni 
should most advantageously be minimized, which makes the use of OLEDs as lighi 
sources particularly advantageous since they can be made very thin. Additionally ihe 
OLEDs consist of layers which can even be produced together with the other layen 
of the keypad straaurc, rcsuldng in a highly Lntcgraccd sffucuiral solution with little 
or no soldering required. OFETs share die same advantages. 

If conveying illumination commands lo ibe keypad azrangcment Cmcloding die aerial 
to parallel converter) is too slow or otherwise ircpoEsible, one may use a parallal to 
parallel mapping circuit In place of the serial to paraUel converter 901. There could 
be for example four parallel Input lines co the mapping circuit and nine <or as many 
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as there fire independeat light sources) output lines thers&Dni With four parallel 
input lines ii is possible to give 16 dij^erenc ilhmuDaUoa conunands. Although sot 
all possible pennutations of activated OLEDs are thereby possible to produce, 16 
different illumination patterns is still a zemarkable improvement over t3ie 
^'completely on / conqsletely off' type prior art iUuminadon solutions. 

In the foregoing we have implicitly assumed tfiat the OLEDs (and possible 
accompanying OFETs) are to appear on the surface of printed circuit board This is 
advantageous, since the required electrical connections are easily implemented 
within the printed circuit board, and the manufacturing process of the printed circuit 
board involves in any case the comrolled deposidon of pattmied layers on the 
surfacc(s) tliercof i which makes it easy to integrate also the production of the OLED 
(and OFET] layers to die manufectunng process. However, if a conventional 
fiolation with conducdv& domes or even ft continuoua conductive dome sheet is 
used, there remains the problem of arranging for the conduction of light to the other 
side of (he domes or the dome sheet. 

It is possible to place die OLEDs (and OFETs) also between the domes ((ht the dome 
sheet) and the outer structural components, i.e. on the top side of the dome layer 
instead of under it. The dome sheet, the key mat or even the outer cover of the 
electric apparatus may act as ihe support structure for the OLEDs (and OFETs]. All 
these alremadves involve the further selection of eidier attaching complete OLEDs 
(and OFETS) to die other sirucmral componencCs) or using the other structural 
component(s) as" integral paits of die OLED (and OFET) sirucnire. The latter 
alternative allows for example the OLEDs to be produced b a printing process 
which uses litographic methods or silk screen printing to deposit the patterned layer 
structures needed. 

Fig. 11 illustrates a structural principle fbr a keypad which is completely new 
compared to all sohitions described above. The smictuie is shown in exploded view 
in order to give a better view of its components. Widijn a certain electronic device 
there is an essentially rigid mechanical support structure 1101. On top of it there is a 
dome sheet 1102 comprising a number of conductive domes 1103. The dome sheet 
II 02 is made of an elastLcally deformable material and tixus it resembles the known 
dome sheets used in keypad anangenwnts. However, the dome sheet 1102 is 
oriented so chat the domes bulge downwards from it» i.e. into the direction of the 
support scructure 110! and not upwards towards die direction ftom which die user 
will press rtie keys. Small promisions 1104 may be provided on the surface of the 
support structure 1101 to ensure a point-like contact between the support stnicnire 
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1 101 asd each dome 1 103 in the dome sheet 1102. A point-fike contact to a dome is 
known to enhance the tactile fee] experienced by the user in pressing the Icey 
associated with the doro. 

On top of Che dome sbeei 1102 there is a pmited circuit board 1105 which is ttnn 
enough to be flexible to a certain extent It can be made of e.g. die known flexible 
printed circuit moterialsi also known as flex boards or just fkxes. If the concept of 
resistive keyboard is used, the printed circuit board 1 IQS may be made of a polymer 
foil (e.g. polyester) onto which the resistive keyboard cxxcuitry is printed; OI^Ds or 
similar layered light sources may be integrated into such a polymer foil. In Hg. 11 
die printed circuit board 11Q5 comprises, on that surface thereof which oomea 
against the dome sheet 1102, conductive strips 1106 at bcations which correspond 
to the locations of the domes 1 103. In order to provide electric isolation between tite 
dome sheet 1101 and those parts of the printed circuit boanS 1105 which should not 
come into conducdve contact with die dome sheet, a perforated insulatim sheet 
1 107 may be used between the dome sheet 1 102 and the printed circuit board U05. 

On the upper side of the printed circuit board 1 10^ there is an elastic key mat 1 108, 
which may further be covered with a perforated outer cover 1ID9 if necessary. The 
ke^ mat 1108 is transparent or translucent to light and may comprise bulgmg 
protrusions to madec the places of the keys* but die latter is not necessary. The 
transparency of the key mat need not be total, as it sufGccs that at least some key 
locations contain transparent or translucent areas, which may have e.g. the sfciape of 
numbers or alphabetical characters. Illumination of the keys is bulk into the space 
1110 which is left between the printed circuit board 1105 and die elastic key mat 
1108. A coatlnuoas key mat could be replaced with a numl>er of smaller submats or 
even with a number of individual key surfaces. 

Fig. 12 illustrates the combination of the kcy-spcdfic OLED illumination principle 
to the layered strucmre shown schematically in Hg. IL The layers in the keypad 
structure of Fig. 12 are the same as in Fig. ] 1, but they arc now shown in assembled 
configuraiioa Between the upper surface of the printed circuit board 1105 and die 
elastic key mat 1108 there are a number of OLEDs 1201 so diat each OLED is 
placed dirccdy under a key of its own. The electtic connections needed for the 
OLEDs 1201 can utilize the printed circuit board 1105 as dieir support structure. 
The OLEDs 1201 can even be manufactured as integral parts of the printed circuit 
board 11 05, for example by printing them on the surface of the printed circuit board, 
as was described earlier in associadon with the other embodiments of dje invendon. 
Alternatively the OLEDs 1201 may be attached to the elastic key mat 1108, in 



11 



-25- 



which case they need to comprise (or to be coupled w) exposed contact surfaces OD 
ihat side of che OLEDs which comes against the printed circuit boai^ Tlie OLEDs 
can even be embedded in the substance of either the printed circuit board or the key 
mac. The principal direction of emitted light ham the OLHDs is upwanis, through 
the keys. 

Eng. 13 shows how the structural principle shown in Fig. 11 can be used to 
revolutionize the keypad illumination even when more conventional light sources 
are otherwise used In the structure of Hg. 13 diere is a lelaiiydy thin li^ guide 
layer 1 301 between the printed circuit board 1 105 and the key mat 1 108; instead of 
using a separate light guide layer rae could also use the key msi 1108 as the light- 
guidins element. Surface-mounted LEDs 1302 are placed on the \sppet surface of 
the printed circuit board 11 05 so that when switched on, they emit lighi into Hie light 
guide. 

The stnictuial principle of Fig, 1 1, some more practical enabodiments of which arc 
shown in Figs. 12 and 13, allows the lifijit sources of the iUuminadon anangement 
10 be placed so that the passage of light from the light source to the point where it 
escapes the keypad structure and goes into the direcdon of the user's eye can be 
made very shon and very easy for the light to travel through. This fact can be 
utilized by two ways. Hlber we may use the same amomit of clccnical power as in 
prior an arrangemenu to run the illumination acrangement, in which case the 
amount of lighi reaching the user's eye can be made larger ihan before. Or we may 
aim at generating the same observable amotmi of light, in which case much less 
electrical power is needed. 

In the foregoing we have not considcied in detail, how should ihe flexible 
illumination possibilitiBs brought forward by tbo invention be used. The purpose of 
prior an keypad iUuminauon airangemems has been solely to enable ihc user to see 
the location and/or the idcntifting characteis of Ae keys also when ambient light is 
not sufficiendy bright This is understandable, since the prior art illumiaAtioa 
arrangements did not produce a very high level of illumination, and the illuminadon 
of single keys or key groups was not possible. However, according to the invention. 
Single keys or key groups that constitute only a part of the whole keypad can be 
separately illuminated. Additionally, placing the light sources in an advantageous 
way as described earUcr alkjws the amount of observable light to be raised so that 
iUuminaiion effects can be visible also despite of reladvely bright ambient Ughting. 
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From known mobile telephones it is biowu to make the mobile telephone identify a 
caller and to select a different ringing tone according to the idendry of the caller. Fot 
example, the telephone can ba programmed to announce calls from a certain very 
specific caller with a unique ringing (one, <x the pocendal calleis may be divided 
into callff groups so that each group is associated with a ringing tone of its own. 
The key or key group specific illumination arrangement according to the invention 
may be used in similar fashion, Hg. 14 is a stare diagram where %tea& 1401 
corresponda to the basic operadoual mode of a mobile telephone when it has been 
switched on but it is idle. During a progxamming procedure at least one caller 
identity has been associated with a certain illumination pattern or a certain sequence 
of illumLaatioo patterns. When a call connection request ia received aocoidiag to 
state 1402, the tcl^hone tries to identify the caller at state.1403. Dq>ettding on what 
iliurmnadon pattern or pattem sequence, if any, has been associated with the caller 
which is identified, eiihcr no illuminadon effect is selected as in state 1404 or a 
CCTcain iUumination pattem or patterns are used in place of or a« a complement lo 
the acowitc ringing tcne as in states 1405 and 1406. Using a sequence of 
illuminadon patterns fast enough creates the impression of animadon: die keypad 
illuminadon plays a simple "movie*" to ttae user. 

In many cases the user of a kcypad-conirolled electronic device may be in doubt 
regarding which key should be pressed next. The key-specific imiminatlon 
arrangement according to the Lnvention may be used for user guidance, Smie 1407 
represents a cenain simaiion where there is a most probable or only possible key 
which die user should press next. At state 1408 that key or diosc keys are idcndfied. 
and at one of states 1409. 1410 or 141 1 it can be marked by illuminating it whik the 
odier keys are not iUuminaced, by illuminadng ic with higher lighting intensity Oian 
the other keys, by flashing its iUumination or by producing some other Uluminadon 
effect. Also if in a certain sinjation only a Umited part of a whole keypad is "active" 
or available for use. Uiis can be emphasized by iUurainadng only diat part of the 
keypad. 

The illumination effects can also be used for recreational puiposes. Games are 
already integrated into ihe mobile telephones known at the priority date of tte 
present patent appUcation, so illuminadon of specific keys or key groups can be 
made a part of the game. State 1412 represents a game mode. The flr^t assumpdon is 
that The Illuminadon serves a decorative and illuscradve purpose. State 1413 
represents the occurrence of a high score or other achievement in ihe game which is 
then rewarded at one of state. 1414 or 1415 with animated and/or flashing 
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illumination of some kind. Another assumption is that the illuminBtion u made an 
integraJ part of playing a gome which is played by pressing the keys according to 
Slate 1416, An example of the latter category is a game which tests the user's 
memory and refleKes so that a sequence of keys is illuminated ia succession, and the 
user must press the same keys in the same order as long as he can. The illumination 
functions associated with such games are represented in Fig. 14 by states 1417 and 
1418. 

If we assume that the controJling of the illumination patterns is baaed on the use of a 
serial to parallel converter as in Figs. 9 and 10, there are two basic approaches to the 
task of generating Ulumlnation sequences. The most simple one of them in terms of 
the structural and functional complexity of ttie serial to parallel converter is diat 
each command given by the microprocessor through the serial connection to Ae 
serial to parallel converter represents exacdy one illumination pattern. In order to 
realize an animation effect, which is a sequence of successive iUumination patterns, 
the microprocessor sends successive commands to the serial to parallel convenen. 
The other altemadve is thai a single command means a complete sequence of 
illumination patterns. According id the latter approach, when the serial to parallel 
converter receives a command from the microprocessor through the serial 
' connection, it checks whether the command means a single pattern or a sequence. If 
it means a sequence, ii reads the patterns consdmting the sequence from a memory 
and gives the control signals to the light sources {or Ugjit source + switch entities) so 
that the patterns are produced one at a tune. The pace of changing &om one panem 
to another in the sequence needs to be determined In lelation to a certain clocking 
signal. The serial to parallel converter may have a clock signal generator of its own 
to produce the ckick signal, or it may receive a clock signal from some other parts of 
ihe electronic device 

Regardless of whether the illumination is provided in the form of a single pattern or 
a sequence, there must be defined the duration for which the illumination is on. Also 
for this purpose we may define eidicr that the iUumiiifltion is on tor the same 
duration for which the command from the microprocessor to the serial to parallel 
converter is on, or that the serial to parallel convener comprises means for 
implementing a time constant so that after having received a command from the 
microprocessor It keeps the illumination effect meant by the command on until a 
time equal lo the time constant has passed from the moment of lecewing tia 
conunand. According to still another appioach the serial to pamllcl converter fulfils 
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each command immediatBly and maXea changes only after having rccdved tho ncKl 
conunajid, and a specific command has been defined as the "switch off* conunaod. 

In the foregoing we have described mostly OLEDs as the light soioces which are 
made of layered foil stniccures and which are used for lasy- or k&y group specific 
illuniinadon. This is a consequence of a fact thct OLEDs are tha most important 
category of Ught sources made of layered foil structures known at the prionly data 
of the present patent applicatioiL However, it should be noted that the invcndon is 
by no noeans hmited to ^ me of OLED&, but other solid-state light soitrcei made of 
layered foil structures could be used as vrell. 

The above-descdbcd exemplary embodiments of the invention should be construed 
as aids for comprehending die applicability of the daizns and not as explidi 
limitationfi regarding such applicability. The features recited in depending claims are 
freely combinable unless explicitly otherwise stated Mreciional expressions such as 
**upper surface" or "on ic^ or refer only to the directions illtwtraied in the drawings 
and do not limit the applicability of the invendon to structures only otiented in a 
certain direction 
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4. Claints 

1. A keypad for a portable electronic device, coii^jrldag: 

- a number of pressable keys (402), 

• associated with each key, switching means (501, 502, 611, 612, 620, 621, 622, 
801, 1 106) for realizing a switching function as a response to the key being pressed 
and 

- iUuminaiion means (503, 601. 610, 623, 704, 803. 1201, 1302) for illuminating at 
least a pan of the keypad; 

cfaaracferized in thai 

• the illununaiion means (503, 601, 610, 623, 704, 803, 1201, 1302) comprise light 
sources that are semiconductor light-emitting devices made of layered foil stractures 
(503. 601 . 610, 623. 704. fi03, 1201), 

- at least one of said light sources (503, 601, 610, 623, 704, 803, 1201) i* located in 
the inomediacc vicinity of the sv/itching means (501, 502, 611, 612, 620, 621, 622, 

' 801 , 1 106) associated with at least one key, 

- said light sources (503, 601, 610, 623. 704, 803, 1201) constitute at least a first 
group of light sources and a second group of light source and 

- said first and second groups of light sources are axranged to be illnminated 
separately from each other. 

2. A keypad according to claim 1, characterized in that said light sources (503, 
601, 610, 623, 704, 803, 1201) are organic light-emitting diodes. 

3. A keypad according to claim 2, characterized in that 

- it comprises a printed circuit board (401, 504, 1105) so that the switching means 
comprise coaducdve patterns (501, 502, 611, 612, 620, 62L, 622, 1106) close to 
each other on a surface of said printed circuit board, and 

- said printed circuit board constitutes a supporting substrate layer (504, 1105) for 
the organic light-emitting digdea. 
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4. A keypad acconfiog to claim 1, characterized ia Aat it comprites 

- in respect of each k^, a pair of condoctive patiems close to each otlier which 
tagether form a key location, 

- a number of resistive strip sections that linl: conductive patterns from a numlw of 
key locations into a rasiadve chain having a fiat end (701) and a second end (702), 
and 

- a number of light sources (704. 803), each of which ia coupled to die second end 
C702) of said resistive chain so diat the second end (702) of said tesisdve chain 
functions as a common coupling point to said Hght sources (704, 803). 

5. A keypad according to claim 4. characterized In that it comprises as many 
illumination controlling lines (811, 812, 813, 814, 815, 8W. 817, 818. 819. 911 
912. 913, 914. 915, 916. 917. 918. 919) as there are light soutcet (704. 803) coupled 
to the second end (702) of said resistive chain, each Ulumination controlling lire 
being coupled to a Ught source of its own, so (h&x each of said Ughc sources is 
individually concroUable. 

6. A keypad according to claim 5. characterized in that said illumination 
controlling lines are input voltage lines (811, 812. 813. 814. 815. 816. 817, 818 
8 1 9) to flie light sources (803). 

7. A keypad according to claim 5. characterised in that it courses a« many 
switthes (1001) as there are light sources (803) coupled to the second end (702) of 
said resistive chain, so that each of said switches is coupled to a light source of its 
own. and said illumination controlling lines (911. 912. 913. 914, 915, 916. 917, 918, 
919) are COTtrol voltage lines to flie svritches (1001). 

8. A keypad according to claim 5, characterized in that it comprises a converter 
(901) for converting iUumination commands into controUing signals on said 
Illumination controlling lines (911. 912. 913, 914. 913. 916. 917. 918, 919). 

9. A keypad according to claim 8, characterized in that said conoolkr (901) is i 
scnal to parallel controfler for converting serially conveyed illuminatton commands 
mto controlUng signals on said iUuminadon controlling lines (911 912. 913 gu 
915.916.917.918.919). ^ vi'J. 

10. A keypad according to claim 8. characterized in that said controUer is coupled 
w a sequence memory and aaanged to respond to a certain iUumination command 
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by writing a sequence of concroUing signals read from said sequence memoEy oAto 
said illuminatioii costrbHing lines. 

11. A keypad according to claim 1, cfaaractenzed in that the Ulumination means 
comprise a light source in the immediate vicinity of the switching means associated 
with each key. 

12. A keypad according to claim L characterized ia that it comprises, in (he 
following order, the following essendally parallel layers; 

- a mechanical support structure (1101), 

- a dome layer (1 102} comprising a bulging, elasiically defonnable<:onductive dome 
(1103) in respect of each key, die bulging direction of said dome (1103) being 
towards said mechanical support structure (1101), 

- a printed circuit board (11Q5) so that the switching means comprise coaductWe 
paaems (ii06) close to each other on that surCece of said printed dicuit board 
(1 105) which is towards said dome layer (1102), and 

- a key layer (1108) comprising a visible and toudiable surface in respca of each 
key; 

wherein said Ught sources are located (1110, 1201) between said primed circuit 
beard (1 105) and said key layer (1 108). 

13. A keypad according to claim 12. characterized in thai it comprises a 
perforated Insulodon layer (1107) between said dome layer (1102) and said printed 
circuit board (1 105), and an outer cover (1 109) on the distant side of said key layer 
(1108). 

14. A keypad according to claim 12, characterized in that saki light sources are 
organic light-cimtung dk5des (1201) placed immediately beneath the visible surfaces 
of the keys. 

15. A keypad acoording to clain^ 12, characterized in that it comprises a light 
guide (1301) between said printed circuit board (1 105) and said key layer (1 108). 

16. A method for iUuminaQng the keys of a keypad, characterized in that it 
comprises the steps of 
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-providing Ughi sources (503, 601. 610, 623, 704, 803. 1201) that aro 
scmicomiuctor light-emining devices made of laycied foil structurw as iltominatioii 
means, and 

- producing, with at least one of said light source an illanainaling effect (1405, 
1406. 1410, 1411, 1414. 1415, 1417, 1418) wheie at least ot» key is iUwrnnated 
differently than certain other keys in the keypad. 

17. A method accordiug to claim 16, characterized in that it comprises the steps 
of 

- doiccting a caU connection request (1402) indicating the intendon of a caller to 
establish a communication connection wi* the device, controlled through said 
keypad, 

.idendfying the caller and associating the identified caller with a certain 
illuminadon funcdOQ (1403) and 

■ producing, with at least one of said Hght sources, an illuminating effect (1404, ' 
1405, 1406) representing aaid illumination function. 

18. A method according to claim 16, characterized in that it comprises the steps 

' entering a specific mode (1407) where at least one key is more preferable as the 
key to be pressed next than the other keys m die keypad, 

- selecting (140B) at least one key which in said specific mode is mwe preferable as 
the key to be pressed next than the other keys in die keypad, and 

- producing, with die light source or light sources associated with Uic sclecicd key or 
keys, an illuminating effect (1409. 1410. 1411) which emphasizes die prcferability 
of the selected key or keys over the other keys in the keypad. 

19. A method according to claim 16. characterized in that it comprises the steps 
of 

-entering a game mode (1412) and allowing the user of the device controlled 
dtfough the keypad to pJay a game with the device, 

-detecting (1413) the occuirence of a game event which has previously been 
associated with an illuminacing effect and 
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-generating said muminating effect (1414, 1415) with at least one of said Uglit 
sources. 

20. A method according to ciidni 16, characterized in that it comprises the steps 
of 

- entering a game mode (1412), and 

- generating (1416)» with said light sources, an effect (1417» 141?) of sequentially 
iliuminatlng selcciHl ones of the keys in the Jceypad in order to prompt the user to 
press the illuminated keys in the same ardor in which they -weie illuminated. 
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1. Abstract 

A keypad for a ponable filectmnic device comprises a 
numbw of pre*SHble keys (402). Associated with each key, 
there are switching means (501, 502, 611, 612, 620, 621, 
622» 801, 1106) for realizing a swicching ftiocdan as a 
response to the icey being pressed. Additionally there arc 
illumination means (503, 601, 610, 623, 704, 803. 1201, 
1302) far illuminating ac least a part of the keypad. The 
illumination means (503, 601, 610, 623, 704, S03, 1201, 
1302) comprise light sources (503, 601, 610, 623, 704. 803. 
1201) such as semiconductor light-emituiig devices made 
of layered foil stnicmres. At least one of said light sources 
(503, 601, 610, 623, 704, 803, 1201) is located in the 
immediate vicinity of the switching means {50L. 502, 611, 
612, 620. 621, 622, 801, 1106) assodatesd with at least one 
key. 

2 . RepresciitBtive Drawing 



Fig. 4 



